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y^ //&e American Philosophical Society, held at Philadel- 
phia for promoting ufeful Knowledge, 

Gentlemen, 

I TAKE the liberty of communicating to you an improve- 
ment in the conftruftion of Godfrey's double reflefting 
Qiiadrant, which I have difcovered about two years ago, which 
may be offervice tofuch as ufe that excellent inftrument. The 
greateft inconveniencies arifing from the former conftruftion of 
it are owing to the badnefs of the glaflts, the planes not beino- 
ground parallel to each other, and to its Handing in need of a 
new and careful adjuftment almoll every time it is ufed. Both 
thefe imperfcdions, I apprehend, are thoroughly removed by 
the new conftrudlion propofed. I have heard, that Mr. Wil- 
liam Grant, an ingenious Mathematician of London had alfo 
made fome improvement in that inftrument 5 but I had not 
heard it before eighteen months had elapfed, after I had per- 
fefted my demonftration cf it, and fpoke to the workman to 
conflru6l it accordingly. 

As the propofed alteration makes the inftrument capable of 
affording a number of obfervations, the unavoidable errors 
arifing from them may be greatly leflTened, by taking a mean 
of them: So that angles may be meaiured by it with much 
greater precifion than can be attained by the common qua- 
drants. This will make it peculiarly ferviceable for finding 
the longitude at fea, from the obferved diftance of the Moon 
from the Sun, or from a knov/n ftar near her path. For unlefs 
this diftance is meafured accurately, it willoccafton a confider- 
able error in the deduced longitude. 

That the inftrument may anfwer thefe purpofes, it is de- 
figned that the arch fhall contain an hundred and twenty whole 
degrees, and be numbered from the middle to 120 both ways, 
and that inftead of one central fpeculum two (hould be afKxed 
to the index, and inclined to each other in an angle of 60 de- 
grees. When they are once adjuflred to this inclination, let 
ihem be ferewed faft by the inftrument- maker. 

Now 
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Now the largenefsof the arch will enable us to meafure much 
greater angles than can be meafured by the fore obrcrvation of 
the common Oftant. If the Sun be within 30 degrees of the 
Zenith, the double Sextant will give his alticude either above 
the louthern or northern horizon, as may be moil convenient ; 
or for the fake of greater precifion, both may be taken in the 
fame manner as by the fore obfervation ; and then half the 
difference between their fum and 180 degrees, being added to 
the leffer altitude when the fum is lefs than 1 80 degrees, or, 
fubtrafted from it, when greater, will give his true altitude 
from neareft horizon more accurately than either of them fe- 
parately could give it. This may be done by one central fpe- 
cuUim alone and dhe half of the arch. The fame may be re- 
peated by the other, and the mean of all the four obfervations 
taken as (liU nearer to the truth. Hereby the error of adjuft- 
mcntis taken away, and that of the obfervations leflencd. Or 
thefe errors may be correfted by the mean of four obfervations, 
when only one horizon can be made ufe of, in the following 
manner. Let the altitude be taken in the common way, as 
by a fore obfervation, by one central fpeculum and noted 5 let 
the index be pulhed flill farther along the arch and the image 
ot the Sun will again be bfought down to the horizon by the 
other central fpeculum, which affords another obfervation of 
the altitude to be noted alfo ; counting from the end of the 
arch next to thfe obferver in the firft cafe, and from the middle 
of it in the latter. Then let the arch of the inflrument be 
held upwards and the center downwards, and the index be 
moved the contrary way; this will give two other altitudes. 
The mean of any two of thefe obfervations that depend on the 
fame glafies gives the true altitude free from the abovemention- 
ed errors. The fame may be faid of taking any other angles. 

The inverting of the inftrtiment is not neceffary in taking 
angles, when it is indifferent which of the objefls is brought 
to the other by refledtion ; asin meafuring the diftance between 
two flars. But when one of the obje(51:s is brighter than the 
other, it is neceffary to bring the brighter to the other by re- 
flexion, in that cafe it is neceffary to invert the double fextanr. 
In other cafes it will be found more convenient to make allthe 
obfervations, by only moving the index both ways. 

When 
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When the diftanceof two objefts is continually changing, 
and expedition is neceflary in the obfervation i two or more 
pieces ofbrafs fhould be made to Aide on the arch of the in- 
llrument, that the degrees npted by the index may be marked, 
by bringing one of them up to the index and fcrcwing it faft to 
the arch, where ic muft remain, untill all the oblervations are 
made. In the fame manner may all the obfervations but the 
laft be marked -, that no time may be loft in reading off the de- 
grees and minutes and writing them down. When the ob- 
iervations are compleaced, they may be read off, by bringing 
the index clofe up to the abovementioned pieces, and written 
down at leifure. 

That the moving the index backwards, will give the alti- 
tude of the Sun or Itar above the horizon, when the arch hangs 
downwards, will appear very evident, by confidering, that 
the image of tiie Swn is brought down to the horizon, by 
pcifhing the index from the obferver, and confequently the 
image of the horizon is alio funk as much below the true hori- 
zon ; therefore, when the index is moved in a contrary direc- 
tion or towards the obterver, the image of the horizon is 
thereby raifcd up to the .Sun in the Heavens, and their dis- 
tance is (hewn on the arch. But as it is rtquifite to bring the 
image of the Sun to the horizon, by moving the index both 
ways, this is effefted by inverting the inftrument; holding the 
arch downwards, while one obfervation is made, and upwards 
while the other is made. 

The above illuftration is fufficient to anfwer all the purpofes 
of a demonftration to fuch as are acquainted with the theory 
and principles of this Inftrument •, as it fbews, that the denK>n- 
ftration is nearly the fame for the obfervations made both with 
the arch hanging down, and with it inverted. But as it may 
be defired by fome, 1 Ihall infert the demonftration for the ob- 
fervation with the inverted double Sextant, which will Ihew 
more clearly the reafon of graduating the arch both -ways from 
the middle 

Let the double Sextant inverted be reprefented by APQR j 
CSee Plate IV. Fig. II.) QAR being the commo5 Sextant, 

and 
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and QAP the additional part propofed; in whicii it is to be 
proved, that while the index moves from the pofition QC A., 
to that of AFD, the folar image will move twice as far from S, 
down to the horizontal line IDG, and will be feen liy the eye at 
I, in the horizontal line IG, parallel to HO ; fo that the angle 
QAD (hall be half of the angle SFH, which is the Sun's 
altitude. 

Let SF be a ray of light from the Sun at S, falling on the 
Speculum at F, and from thence reflefted to the Speculum at 
G, and from thence refle(5lcd again to the eye at J, where the 
Solar image will be feen in the horizontal line IG ; the Specu- 
lum at G, being let parallel to the line AQ, or to the larger 
Speculum at F, when the index is at Q, or the beginning of 
the graduations. Now it is to be proved, that the angle 
SFH, is equal to twice the angle QAD, which is the dilting- 
uifhing peculiarity of this Inftrumcnt. 

D EMO NSr RAT ION. 

Since NGM, is parallel co CBA, the angle NGC, is equal 
to GCB, and the angle MGB,is equal toGBC, being alternate ; 
but the angles NGC, and MGB, are equal from the laws of 
reflexion, which make the angle of incidence equal to that of 
reflexion. Therefore GBC is an Ilbfceles Triangle, having the 
angles at B, and C, equal. 

Again, fince HFS+SFDrr (HFD=QAD+FEA=QAD+ 
+DEA = QAD+FBC=QAD+QAD+BFA=2Q.AD+BFA= 
=2QAD+GFA=) 2QAD-{-SFD. Therefore, HFS=2QAD. 

That the Inflrument may be held with greater eafe, an 
handle may be affixed to the back of it, or another Sextant 
might be added diredly oppofite to the middle of the other 
two, and the index continued to the oppofite arches, moving 
on the center; which would have its advantages efpecially on 
land. And as the errors of adjuftment and obfcrvation may be 
correfted without the fecond central Speculum, it may be 
neglcded. 

This improvement of an Inftrument, whcih was firft invent- 
ed and conftrufted by Mr. Godfrey of this city, and which, I 

do 
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do not hefitate, to call the moft ufeful of all Aftronomical In- 
ftruments that the world ever knew, 1 hope will make it 0.ili 
more fcrviceable to mankind. But however this may be, it 
IS fubmitted with all due reipedt to the Society, by 

Their very humble Servant, 

JOHN EWING. 

To the American Philosophical Society, held at Philadel- 
phia, for promoting ufsjul Knowledge. 

Gentlemen, 

SINCE my delivering in the (hort account of the improve- 
ment, which I propofed in the conftruitson of Mr. Godfrey's 
double reflevfling Odtant, at a late meeting ot this Society, I 
have been induced to fubjoin a relation of the manner in which 
I was firft led into it, and of the timi- when it was effedted. In 
the beginning of the year 1767, finding that the common arch 
of the Oftant was too (hort, for taking large angles by a fore 
obfervatlon, 1 thought that it might be conveniently enlarged j 
and loon after found that this enlargenrjent might anfwer va- 
luable purpofes both at lea and on land. 1 communicated, to 
Mr. Benjamin Condy, Mathematical Inftrument-maker or this 
city, my propofal for making the inftrument with double the 
ufualarch, and the addition of a fecond fpeculum on the index, 
inclined to the other in an angle of half the length of the archj 
as appears by his certificate, which I have here infcrted in the 
following words, viz. 

" TH I S is to certify. That fometime in the fpring or fummer 
" ■* of the year 1767, the Revd Mr. fohn Ewiug^ of this 
" city, communicated to me a propofal of his, for making Godfrey's 
" Sextant with double the ufual arch, and the addition of another 
" Jpeculum affixed to the index, and inclined to the other in an 
" angle of half the enlarged arch •, and that we had Jrequently 
" cvnverfed together on the purpofes dejigned to be anfwer ed by this 
*• new conJlruBtcn. Js witntfs my hand, this \oth day ofja- 
" nuary, 1770. BENJAMm CONDT." 

o d About 
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About two years after I had thought of this conftru(5tion of 
the inftrument and perfefled the dcmonftration of ic, which I 
iaid before the Society on the original fcrap of paper, on which 
it was firft wrote, I learned by converfing with Mr. William 
Grant, an ingenious iVIathcmatician and Merchant of London, 
who came to this city about April or May 1769, that he had 
alfo propofed an improvement in the fame inftrument, but 
different from mine in thele relpefts, viz. His was a compleat 
femi circle, having the horizon glafs and place of the eye fixed 
on the arch, and without the fecond fpcculum on the index ; 
which anfwered nearly the fame purpofes, with mine ; except- 
ing that by its wanting the above-mentioned fpeculum, it 
afforded but half the -number of obfervations which my con- 
ftruiftion admits of. The firft intimation I ever had of his 
improvement was from the Rev. Dr. William Smith, Provoft 
of the College in this city, in May laft ; to whom I had fome 
time before men'ioned, that I had thought of lomething, which 
might, be deemed an improvement in the conftrudion of 
Godfrey's Quadrant. This Dr. Smith intimated toMr.Grant, 
upon his informing him that he had improved that inftrumen;; 
before he left London ; which circumftance induced the Doiflor 
to promife him an introdiiftion to my acquaintance, as appears 
by his certificate in the following words, viz. 

Philadelphia, 12th Jan. 1770, 
" Rev. Sir, 

** JN anfwer to your requeft, that IJhould certify the occafion of 
** my introducing Mr. Grant to youy I do well remember it to 
" have been as fellows. — That ingenious gentleman having been 
" recommended to my acquaintance, by fome of my friends to the 
" northward, we happened, one day about the beginning of laft 
" May, to fall into converfation upon fome literary fuhjeSls. 
" Among other things, Mr. Grant mentioned an improvement which 
" he had maae in the conjlrucfion of Godfrey'' s ^adrant, and with 
" a truly communicative jpirit feemed willing to explain the nature 
" of his improvement, by making out a draft or fketch of it for me. 
*' // happened that I was to fet out the day following, on a journey 
*' to Northampton County, and Mr. Grant was apprehenfive that 
" be fhould leave Philadelphia before my return. I then recolkSfed 
** what you had told me fome time bejorey concerning your improve- 

" ment 
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' ment of Godfrey'' s ^adrant, and (poke to Air. Grant as foUoivs: 
^ I am forry, I am obliged to go out of town to morrow, as I 
' could wiflj to have fome further converfation on this fubjeSl ; hut 
' there is a gentleman of this city, the Rev Mr. Ewing, ivho 
' fome time ago mentioned to me an improvement of a fimilar nature, 
' 'ix- hich he had made, and I believe he has engaged a workman to 
' finifh a ^.adrant for him, on the plan he has projeSled. Are 
' ycu acquainted with Mr. E%ving ? If not, I will bring you to- 
' gether, for I would wifJo you to compare your fchemes, and to 
' have a con erence with each other. Mr. Grant expreffed his 
* defre te be acquainted with Mr. Ewtng, and I accordingly in- 
' tr educed them to each other, before I went on my journey 

WILLIAM SMITH." 
'To the Rev. Mr. Ewing, 

These things 1 have mentioned not from a folicitude about 
the invention, but to {hew, that, what has often been fuppofed 
probable in affairs of this nature, has adluaily taken place in 
the prefent inftance-, that men at the dillance of many thoufand 
miles might fall nearly upon the fame inventions, about the 
fame time, without any previous correlpondence or acquaint- 
ance with each other. J. E. 



An ESSAT on the Ufe of COMET'S, and an Account of their 
Luminous Appearance ; together with fome Conjectures 
concerning the Origin of HEAT. 

By HUGH WILLIAMSON, M. D 

Read before the Society, Nov. i6th, 1770. 

ACOiVtET is a folid dark body revolving round the Sun 
in dated periods, receiving light and heat from the Sun. 
Comets revolve as other planets do in an ellipfis, one part of 
which is much farther from the Sun than another-, fome of them 
are very eccentric ; that which appeared Anno 1680 was twelve 
thoufand millions ot miles from the Sun in aphelio, it was not 
half a million in perihelio. The period of the Comet which 

o d 2 appeared 



